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Abstract
Background: Reliable information on headache characteristics, including frequency and intensity, headache-associated
impairment, and use of analgesic medications, may depend on the assessment method used. This study analyzed the
correlations between headache characteristics determined in structured interviews and those determined in prospective
diary recordings kept by adolescents in the general population.
Methods: In this cross-sectional school-based study, a representative sample of 488 adolescents aged 12–18 years were
interviewed about headaches experienced during the previous year. Headache diaries for a three-week period were kept
by 393 participants: 244 girls (62 %) and 149 (38 %) boys.
Results: Most adolescents (88 %) who reported headaches during their interview also recorded headaches in their diary.
In contrast, 51 % of those who reported being headache-free during the last year recorded headaches in their diary. In
the interviews, frequent headaches (at least 50 % of days during the last year) were reported by 2.9 % of participants,
while 25.5 % reported this headache frequency in their diary. Overall, the ratings of headache frequency were significantly
higher in diaries than in interviews (p < 0.001). Significant but low correlations were observed between intensity levels
reported retrospectively and prospectively (rho = 0.28; p < 0.001) and between average scores of headache-related
impairment reported retrospectively and prospectively (rho = 0.35; p < 0.001). The use of medications by those
who reported one or more current headache disorder during their interview was significantly lower in prospective
recordings than in the retrospective interview estimates (p < 0.001).
Conclusions: There is inconsistency in the estimates of headache characteristics between retrospective reports and
diary recordings. A comprehensive picture of headache complaints among adolescents may be better obtained through
a combination of prospective diary recordings and interviews by school health and clinical services.
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Background
Headache disorders are among the most common health
problems in adolescents [1]. These include primary head-
aches, with tension-type headache (TTH) and migraine
being the most common, and secondary headache disor-
ders [2, 3]. Headache disorders in school children often
lead to reduced quality of life and poorer psychosocial
function in schoolwork, leisure activities, and social rela-
tions [4, 5], as well as to psychological problems, such as
depression and anxiety [6, 7]. Studies monitoring the
severity of headache disorders and the response to treat-
ment usually include the frequency of attacks as their
main outcome criterion. Outcomes of previous studies
suggest that prospective recordings in diaries may provide
a more reliable and comprehensive picture of headache
occurrence in young people than retrospective assess-
ments based on questionnaires and interviews [8–10].
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Most previous clinical studies comparing retrospective
and prospective data used sample sizes ranging from 52
to 214 participants [11–15]. Community-based surveys
have also yielded somewhat inconsistent results. For
example, a Dutch study with children and adolescents
aged 9–16 years found that questionnaires overestimated
headache intensity and duration when compared with
diary recordings, whereas the estimates were equal for
headache frequency [8]. A recent Swedish school-based
study with adolescents aged 12–18 years reported that
questionnaires overestimated headache intensity and
underestimated headache frequency and duration when
compared with diary recordings [7]. These earlier studies
did not include all types of headache. For example, the
Dutch study only included school children who reported
a headache frequency of at least once a week [8], and
the Swedish study excluded adolescents who considered
their headaches to be disease-related (approximately one-
third of those screened) [7].
The relative paucity of community surveys comparing
retrospectively-obtained information and prospective diary
recordings of headache characteristics among adolescents
suggests further comparisons are needed. Therefore, the
present study investigated the agreement between these
two sources of information in determining the frequency
and intensity of headaches, headache-associated impair-
ment, and the use of medications to treat headache among
a sample of adolescents in the general population. In
addition, this study analyzed the sensitivity, specificity,
and positive and negative predictive values of agree-
ment between retrospectively-reported headaches expe-
rienced at least every other day, frequent medication,
and prospective information recorded in headache diaries.
Methods
Sample selection and recruitment
All secondary and high schools in the county of South-
Trøndelag in Norway were surveyed, with 899 eligible
students invited to participate using stratified cluster
sampling. Randomization was stratified by school location
(see below) and age/grade: grade 8 (ages 12–13 years),
grade 10 (ages 14–15 years), and grade 12 (ages 16–18
years). The sample distribution corresponded to the distri-
bution of the county’s population: 59 % of students were
from urban areas, 28 % were from the inland/mountain
region, and 13 % were from coastal municipalities.
At the time of the study, there were 74 secondary and
high schools in South-Trøndelag, 13 of which were in-
vited to participate. As there were large differences in
school sizes, with more students attending schools in
urban than in rural areas, more rural schools were in-
cluded to obtain the required number of participants. Of
the 13 invited schools, four were located in urban areas
and nine in rural (inland/mountain or coastal) areas.
Seven of the initially invited schools declined to partici-
pate and were replaced by seven other schools. The four
participating urban schools included two secondary
schools (participants in grades 8 and 10) and two high
schools (participants in grade 12). The nine participating
rural schools included four secondary schools and one
high school from the coastal region, and three secondary
schools and one high school from the inland/mountain
region. Details of the recruitment procedure have been
described elsewhere [16, 17].
Data collection
This study was conducted in two phases. Initially, each
adolescent participated in a face-to-face, structured
interview with a single interviewer (first author). All
interviews were conducted in a suitable room at the
participating schools during a regular school day, with
interviews lasting 20 minutes on average. A question-
naire was completed during each interview. Immediately
afterward, participants were asked to keep a prospective
headache diary for a three-week period. Two data collec-
tion procedures were used for diaries, one based on paper
recordings and the other internet-based [17]. Data were
collected from March 2012 to February 2013.
Questionnaire
The questionnaire used in the interviews was developed
for school-based studies of headaches in Sweden [9, 18]
and translated into Norwegian. As an opening question,
each participant was asked whether he/she had experi-
enced a headache during the previous year. Adolescents
who answered “Yes” were asked to report their usual
headache frequency as “<1 day/month,” “1–3 days/
month,” “1–3 days/week,” or “Every other day or more
often.” Participants were also asked if they had experi-
enced more than one type of headache during the previ-
ous year. Those who answered “Yes” were asked about
the characteristics of and symptoms associated with each
headache type. Specifically, participants were asked to re-
port the frequency, intensity (three-point scale: 1 =mild,
2 =moderate, 3 = severe), and duration of episodes, as well
as accompanying symptoms.
Participants were asked to complete the Pediatric
Migraine Disability Assessment (PedMIDAS). This scale
was developed to assess disability in children and adoles-
cents with chronic pain, including headache, and has
been used in clinical studies and epidemiological surveys
[19–21]. The PedMIDAS consists of six questions ad-
dressing the number of days totally or partially lost owing
to headache in the last three months across three domains
(school, home, and social activities). A total score was
calculated for each participant by summing the number of
days reported for each item for all headaches [20].
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Participants were asked if they had experienced head-
aches (of any type) for at least 15 days per month during
the previous three months. They were also asked about
the frequency analgesic medications were used, with re-
sponse options being “Never,” “1–9 days/month,” and
“10 days/month or more often.” Adolescents who used
medication were asked the names of those medications.
Special consideration was made during the interview to
avoid alerting participants to the concept of medication
overuse headache (MOH), to avoid influencing their re-
ports of medication use during the next phase of the study.
Headaches were classified as episodic migraine with or
without aura, chronic migraine, probable migraine, epi-
sodic TTH, infrequent TTH or frequent TTH, chronic
TTH, or MOH, according to the International Classifica-
tion of Headache Disorders (ICHD-3 beta) [22]. Probable
TTH was combined with definite TTH. MOH was defined
as having any headache (including the most bothersome
headache) for more than half of the days during the
previous three months and treating it with medication
on at least 10 days per month. A headache that did not
meet any of the ICHD-3 beta criteria was labeled
“unclassifiable.”
The headache diaries included two intensity items: (1)
“How intense was your worst headache today?”, and (2)
“How intense was your headache on average during the
day?” Both items were rated on a 0–10 numerical rating
scale (NRS), with 0 =No pain and 10 =Worst imaginable/
unbearable pain. Other items included: “How did you
function in your daily activities today?” (rated on a 0–3
scale: 0 = No difficulties, 1 =Minor difficulties, 2 =
Medium difficulties, and 3 =Major difficulties); and
“Did you take any acute medications to treat headache
today?” (No/Yes).
A similar paper-based diary (0–5 scale) was originally
developed for adults with headaches [23] but has been
widely used in intervention studies with adolescents ex-
periencing frequent headaches [24]. Participants who
filled out their diary via the internet and who had not
logged on before 9 PM each day were sent reminders
through a short text message service (SMS). Those who
used a paper-based diary were reminded once a week.
Categorization of headache frequency and
medication use
Having a headache was defined as an NRS score of ≥1.
For comparisons between questionnaire data, raw scores
of headache frequency obtained from the diaries were
categorized into three levels: ≤10 %, 11–49 %, and ≥50 %
of the days. The corresponding levels and cutoff points
in the questionnaire were: <3 days a month (≤10 %), 1–3
days a month or 1–3 days a week (11–49 %), and at least
every other day (≥50 %).
The raw scores for medication use in the diary recordings
were categorized as “Never,” “Use medications but not very
frequently” (at least once but less than 33.3 % of the days in
diary recordings), and “Use medications frequently” (33.3 %
or more of the recorded days).
Statistical analysis
Descriptive statistics with means, standard deviations
(SD), and percentages with 95 % confidence intervals
(CI) were computed. The sensitivity, specificity, positive
predictive value (PPV), and negative predictive value
(NPV) of interview information for having any headache,
headaches ≥50 % of the days, and very frequent medica-
tion during the previous year were calculated relative to
diary determinations of the same parameters. Kappa
statistics with 95 % CI were used to assess the agreement
between diary and interview data. Spearman’s rank
correlation coefficient (rho) was used to estimate rela-
tionships between ordinal variables. Independent t-tests
and analysis of variance were used to estimate differences
between group means. Differences between groups were
analyzed with the McNemar–Bowker test of cell propor-
tion symmetry. Statistical significance was set at a two-
tailed p-value less than 0.05. All statistical analyses were
performed with SPSS Statistics for Windows version 22
(IBM SPSS Statistics for Windows, Version 22.0. Armonk,
NY: IBM Corp.).
Ethics
The research protocol was approved by the Norwegian
Ethical Committee for Medical Research. Informed
consent was obtained from each participant and docu-
mented in accordance with Ethical Committee require-
ments. Parental consent was obtained for participants
younger than 16 years old.
Results
Study sample
The flow of participants through the different stages of
the study is presented in Fig. 1.
Of the 488 adolescents aged 12–18 years who were
interviewed, 276 (57 %) were girls and 212 (43 %) were
boys. No participants were disqualified because of lack
of internet access. Of the participating adolescents, 393
(81 %) returned diaries: 244 (62 %) girls and 149 (38 %)
boys, with an average age of 15.1 ± 1.7 years. Of those
who filled out diaries, 214 (54 %) used paper-based and
179 (46 %) used internet-based diaries. Paper-based
diaries covered an average of 15.9 ± 8.9 days and inter-
net diaries an average of 12.9 ± 6.9 days over the three-
week period.
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Having headaches
Of the 393 participants who completed the interview
and diary, 346 (88 %) retrospectively reported headaches
in their interviews. Of these, 310 (90 %) reported only
one type of headache, and 36 (10 %) reported more than
one type. In total, 206 (53 %) were classified as TTH,
130 (33 %) as migraine or probable migraine, one (0.3 %)
as MOH, and 11 (3 %) as unclassifiable. Of those who
reported more than one type of headache, 31 (86 %)
reported TTH as the second headache type and five had
migraine or probable migraine.
Of the 346 participants who reported they had expe-
rienced headaches during the previous year, 304 (88 %)
also documented headache occurrence in their diary. In
contrast, of those who did not report a current head-
ache disorder in their interview, 51 % recorded head-
aches in their diary (Table 1). Comparisons of headache
frequency levels reported in interviews with the recorded
Fig. 1 Flow of participants through the study
Table 1 Sensitivity, specificity, and predictive values of retrospective headache reports (last one year) vs. three-week prospective
diary recordings
Diary
Headache No headache Total
Interview Headache 304 42 346 PPVa:304/346 = 88 %
No headache 23 24 47 NPVb:24/47 = 51 %
Total 327 66 393
Sensitivity: 304/327 = 93 % Specificity: 24/66 = 36 %
Kappa: 0.33 (95 % CI: 0.20–0.45). McNemar–Bowker test of cell proportion symmetry: p = 0.019
aPositive predictive value
bNegative predictive value
Only participants who filled in the diary for ≥1 day are included in the table
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days of headaches in diaries showed fair agreement, with a
Kappa value of 0.33 (95 % CI: 0.20–0.45).
Headache frequency
Overall, the ratings of headache frequency were sig-
nificantly higher in the diaries than in the interviews
(p < 0.001). Although 81 % of participants retrospectively
reported one type of active headache disorder during their
interview and estimated the frequency as ≤10 % of days,
only 27 % recorded such levels in their diary (Table 2). In
interviews, the number of participants reporting head-
aches as occurring ≤10 % of the days was significantly
higher than in diaries (p < 0.001). In contrast, diary reports
of headaches on 11–49 % and ≥50 % of the days were sig-
nificantly (p < 0.001) higher than in interviews. There was
only a slight agreement between interview and diary re-
ports of having headaches on at least 50 % of days and
one or more headache disorders (Kappa 0.14, 95 % CI:
0.05–0.23; Table 3). Seventy four percent of participants
who retrospectively reported having headaches on fewer
than 50 % of days per month recorded such headaches in
their diary (Table 3).
Headache intensity
During interviews, 30 (13.8 %) participants reported mild
intensity, 132 (60.6 %) moderate intensity, and 56 (25.7 %)
reported severe intensity. The mean ± SD NRS intensity
score recorded in the diaries was 1.9 ± 0.83. For those who
reported that they had headaches the previous year in
their interview and also recorded at least one headache in
their diary, there was a significant but low Spearman cor-
relation between questionnaire intensity levels and mean
diary NRS intensity scores (rho = 0.28, p < 0.001). Partici-
pants who reported headaches during the previous year
had significantly higher average (t(199) = −6,39, p < 0.001)
and worst (t(202) = −8.96, p < 0.001) intensity levels in
their diary than those who did not.
Impairment
During the interviews, 207 (95 %) participants had a
PedMIDAS score lower than 11 (the limit for a definition
of mild disability) and only 11 (5 %) had higher scores. In
the diaries, 29 (13.3 %) participants recorded no difficul-
ties during the three-week period, 89 (40.8 %) reported
minor difficulties, 71 (32.6 %) reported medium difficul-
ties, and 29 (13.3 %) reported major difficulties. Total
mean interview PedMIDAS scores showed significant
Spearman correlations with average (rho = 0.36, p < 0.001)
and maximum (rho = 0.25, p < 0.001) impairment scores
in the diaries.
Medication use
Of participants who reported one or more current head-
ache disorder during their interview, the frequency of
medication use reported in diaries was significantly lower
than that reported in interviews (p < 0.001) (Table 4). “No
use of medication” was significantly more common in
diary recordings (p < 0.001), whereas “Medication use but
not very frequently” was significantly less common in
diaries (p < 0.001). There was no agreement between in-
formation obtained in interviews and in diary recordings
for very frequent medication use (Kappa −0.01, 95 %
CI: −0.22–0.00). Of the 346 participants who reported
headaches in their interview, only three (0.9 %) also re-
ported very frequent medication use, whereas none of
these participants documented very frequent medication
use in their diary. In contrast, none of those (2.3 %) who
recorded they used medication very frequently in their
diary reported very frequent medication in their interview.
Medication type
In total, 329 participants used acute headache medica-
tion, and 171 (52.0 %) reported using only one class of
drug: 154 (90.1 %) used paracetamol alone, 18 (10.5 %)
used a nonsteroidal anti-inflammatory drug (NSAID),
Table 2 Headache frequency reported by adolescents








Overall Post hoc test
n (%) n (%) p-value p-valuea
≤10 % 252 (81.3) 84 (27.1) <0.001 <0.001
11–49 % 49 (15.8) 147 (47.4) <0.001
≥50 % 9 (2.9) 79 (25.5) <0.001
Only participants who reported having had one type of headache last year in
their interview and filled in the diary for ≥1 day are included in the table
aMcNemar–Bowker test of cell proportion symmetry
Table 3 Sensitivity, specificity, and predictive values of
headache for ≥50 % of days: retrospective reports (last one year)









10 1 11 PPVa: 10/
11 = 91 %
Headache
<50 % days
86 249 335 NPVb: 249/
335 = 74 %







Kappa: 0.14 (95 % CI: 0.05–0.23). McNemar–Bowker test of cell proportion
symmetry: p < 0.001
aPositive predictive value
bNegative predictive value
Only participants who reported having had a headache (at least one type) in
the last year in their interview and who had filled in a diary for ≥1 day are
included in the table
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and two (1.2 %) used triptans. Of the 155 participants
who used combinations of two classes of acute drugs,
152 (98.1 %) used paracetamol and a NSAID, and three
(1.9 %) were treated with paracetamol and codeine. Three
participants used a combination of three classes of acute
drugs: two used paracetamol, a NSAID, and codeine, and
one used paracetamol, a NSAID, and triptans. Only three
participants (0.3 %) were on prescriptive prophylactic drug
treatment.
Discussion
This general population-based study of 393 school-aged
adolescents investigated the agreement and relationships
between retrospective interviews and prospectively re-
corded diaries over a three-week period to assess head-
ache characteristics, impairment, and medication use.
Overall, the findings showed low correlations and agree-
ment between the two data sources for estimates of head-
ache frequency and intensity, impairment, and medication
use. The PPV was high, with most adolescents who re-
ported headache during their interview also documenting
a headache in subsequent diary recordings. However, the
NPV was over 50 %, suggesting that diary data may iden-
tify more individuals with headaches than information ob-
tained during a conventional interview. In the present
study, more than half of those who did not report any
headaches during their interview recorded a headache
during the diary period, although these headaches were of
low intensity. In a smaller school-based Swedish study
with children and adolescents conducted in 2003, about
one-third of those who did not report any headache in a
questionnaire recorded headache in their three-week
diary; these headaches were primarily of low intensity, a
finding consistent with the results of the present study.
While the occurrence of low frequency headaches was
higher in the interviews than in diary recordings, the oc-
currence of high frequency headaches was lower in
interviews than in diaries. Similar comparisons have
been made in four general population-based studies
[7–9, 13]. The results of two of these studies, one
Dutch [8] and one Finnish [13], are consistent with
our findings [9], with the frequency of headache epi-
sodes showing good agreement between interview and
prospective diary information.
Interestingly, our findings of a higher prevalence of
headaches occurring every day or almost every day in
diaries than in interviews resulted in a PPV of 91 %.
Many participants who did not report such headache
levels in interviews reported them in diaries. An NPV of
74 % indicated a high probability that very high head-
ache frequencies will be captured in diaries, despite indi-
viduals stating in interviews that they do not have
headaches. Further, a specificity of 99 % indicated there
were few false positives. This finding has clear implica-
tions for the assessment of frequent and very frequent
headaches among adolescents in schools and other
health care settings.
Our finding of a low but significant correlation between
headache intensity reported in interviews and prospective
diary recordings is consistent with the results of a recent
Swedish study with school children and adolescents [7]. In
that study, headache intensity was higher in question-
naires than in diary recordings. Again, the discrepancy in
these findings emphasizes the need for both retrospective
interview data and prospective diary information.
Severe disability levels due to headache were rare, as
shown in both interview and diary reports, and is con-
sistent with findings for adolescents in the general
German population [21]. The impairment levels ob-
served in the present study contrasted strongly with
those reported on the PedMIDAS for chronic pain, in-
cluding headaches, in selected samples of adolescents
referred to a tertiary clinic [19, 20]. The PedMIDAS
categories were originally developed and validated in a
clinical sample of children with migraine [19]. Children
with chronic headaches scored much higher than children
with non-chronic headaches, and higher than the adoles-
cents in the present sample [8]. Thus, impairment levels
in a clinical sample were less sensitive in assessing adoles-
cents with very frequent or severe headaches.
Many adolescents who retrospectively reported use of
analgesic medications did not confirm this in their
diaries. However, this might have been due to the ra-
ther limited three-week recording period. Alterna-
tively, the three-week diary period might have been
sufficient to capture very frequent use of analgesic
medications. Interestingly, none of the adolescents
who reported these levels in interviews also docu-
mented them in diaries. The eight adolescents who re-
ported very frequent use of analgesics in their diaries
did not report this in their interviews.
Table 4 Frequency of medication use reported by adolescents:







n (%) n (%) p-value p-valuea
Never 82 (23.7) 198 (57.2) <0.001 <0.001
Use but not very frequently 261 (75.4) 140 (40.5) <0.001
Very frequently 3 (0.9) 8 (2.3) 0.23
Use but not very frequently: taking medication on 1 to <33.3 % of all
recording days. Very frequent: taking medication on ≥33.3 % of all
recording days
Only participants who reported having had headache (at least one type)
during the last year in their interview and filled in the diary for ≥1 day are
included in the table
aMcNemar–Bowker test of cell proportion symmetry
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This study had several limitations. Data in the diaries
were not complete, owing to non-adherence to study
protocols. This suggests the need for analyses to be
based on the percentage of days completed [17]. This
might have biased our estimates regarding the propor-
tions of days with headache, because participants may
have been more compliant with their diaries on days
with than without a headache. Another limitation was
our use of different scales for headache intensity and
headache impairment in the interviews and diaries, pre-
venting a determination of levels of agreement. The diary
recordings were restricted to three weeks, a time period
short enough to be subject to external influences of time
factors in the school setting (e.g., variations in the burden
of academic work and stress load). The limited recording
period might have biased our assessments of retrospective
reports of headaches experienced during the previous year
compared with a somewhat different but adjacent re-
cording period of three weeks. However, the limited re-
cording period chosen for this study was intended to
optimize user adherence among adolescents attending
regular schools. Such a time period is also thought to
be optimal for recordings of frequent headaches [7, 25–27].
A strength of the present study was its inclusion of a
relatively large sample representative of adolescents in
the general population, enabling us to extrapolate our
results to the general community. Another strength was
the lack of delay between completion of the interviews
and initiation of diary recordings. The study was con-
ducted over a one-year period (two semesters) and was
not restricted to a specific school time or activity. This
means that recall bias for the last year potentially caused
by particularly restful or stressful periods, such as recently
having had a vacation or school examinations, were evenly
balanced. Our study also included headaches occurring
every day or almost every day, and of the chronic tension
type, MOH, or chronic migraine [22]. Our definition of
medication use on at least one-third of the days was
specifically investigated, because of its clinical use as a
definition of MOH.
Conclusions
There was low agreement and correlation of headache
characteristics, impairment, and medication use between
retrospective questionnaires and prospective diary infor-
mation. This suggests that a diary given to an adolescent
with headaches may provide information complementary
to that obtained during a clinical interview. These findings
suggest the usefulness of keeping diaries for children and
adolescents with recurrent headaches in school health
care systems and clinical services.
The findings also suggest a need for additional general
population-based studies, addressing agreements between
retrospective and prospective reports when assessing
various characteristics of head pain, disability, and
medication use. Further work is needed to determine
the optimal recording timeframe for diary recordings,
as adherence rates may decrease over time, thus reducing
the validity of estimates. Various types of reminders may
also enhance participation rates in similar community-
based surveys.
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